ABSTRACT: Natural regeneration is an important part of close-to-nature forestry. However, natural regeneration also has either natural or technological limits. Among the most important natural limits are a low sum of precipitation and site type. The study concentrates on Žatec region where the long term average sum of precipitation is only 440-450 mm per year. Dry periods during the vegetation time are quite frequent. The study was conducted on clear cut area, stand edge, shelterwood area and stand interior. The results showed the highest population densities in a shelterwood system, the lowest in the stand interior. On the other hand, the dry seedling biomass is lower for seedlings from shelterwood area than from clear cut area.
JOURNAL OF FOREST SCIENCE, 48, 2002 (10): 441-450 Natural regeneration is a part of close-to-nature forestry. Close-to-nature forestry could be described as an ecological and technological system using ecological and natural forces without interruption for chosen goals (TESAŘ 1997) .
Natural regeneration has many advantages (PEŘINA 1964) such as continuation of adopted tree ecotype, high number of seedlings creating a stable young stand in early stage, diversified structure in terms of species composition and stand interior, proper root system development and therefore better future tree stability, maintenance of high genetic diversity and economically more suitable regeneration of forest land. The root development is very often negatively influenced by planting (MAUER 1992) . This is also true for containerized plants (STROMBERG 1998) . On the other hand, there are shortages of natural regeneration as well. The main disadvantages are the limits for species composition, difficulties in silvicultural practices for less educated workers and long time span between the beginning and end of the regeneration process. The comparison of natural and artificial regeneration (ŠTOLL 1999) showed many advantages of natural regeneration.
Natural regeneration is a part of ecologically stable forest ecosystems. PODRÁZSKÝ (1998) described ecological stability as interior quality of forest ecosystems using their own mechanism to keep their consistency. POLENO (1997) stressed that the mechanism is either resistance (withstanding to changes) or resilience (capacity to come back to the original position). It should be stressed that the ecological stability has a dynamic character, it has nothing to do with static position.
Helsinki Conference on Forest Protection in Europe (1994) described sustainable forest management as the care of forests and forest land and their use in such a way to maintain their biodiversity, productivity, regeneration, vitality and ability to fulfill ecological, economic and social functions now and in future on a local, country and global level without damaging other ecosystems.
Natural regeneration is always a part of modern forestry. There are of course climatic and site limits that diminished the area where natural regeneration could be easily used. It is supposed that low sums of precipitation are usually less suitable for natural regeneration than areas with enough water supply for germinated plants.
RESEARCH AREA
The research area is in Žatec forests at the altitude of 250 m above sea level. The area is created by Pleistocene sand soil with clay overlay. Water erosion is strong within the area and that was very often the reason for afforestation. The area has a low sum of precipitation, i.e. 440-450 mm per year. An average temperature is 7-8.4°C. The main vegetation zone is the second one in the Czech typological system (dominant species are oak and beech). Vegetation period is about 160 days.
METHODOLOGY
The purpose of the study is to investigate how different natural regeneration systems could influence the survival and growth of seedlings in stands. The stand A is treated by a clear cutting regeneration system while the second stand B is under an irregular shelterwood system. The clear cut area of stand A is fenced with wooden fence of 1.7 m height to protect regeneration and other trees from game grazing. The clear cut area is between both stands in the position that the stand B edge is influenced by the clear cut area. In that way we could investigate not only the shelterwood system but also the edged clear cut system. In both stands the research transects were placed at the stand edges and inside of the stands in the following way:
Stand A: -fenced clear cut area (transects No. 1 and 2 that are lying from clear cut into the stand edge), -interior dense stand (transects No. 3 and 4).
Stand B: -stand edge area (transects No. 5 and 6), -shelterwood area (transects No. 7 and 8), -interior dense stand (transects No. 9 and 10).
The transects are 1 m wide and their length is different depending on the type of investigated area. Transects 1, 2, 5 and 6 are 20 m long to cover both open and cover areas of the stand edges. The other transects inside of stands are only 10 m long. The investigated areas of transects are then 20 or 10 m 2 , respectively. The transect areas were fixed with small wooden sticks and followed for two vegetation periods in 1999 and 2000. The transects were divided into regular 1 m 2 rectangles where all seedlings were measured in terms of height, diameter, age, species and type of damage. The investigations were done at the beginning and at the end of vegetation periods, altogether four measurements were executed. In that way we are able to follow also the survival rate of seedlings after winter time. At the end of investigations samples were taken into the laboratory where the weight of aboveground and ground biomass was measured in fresh and dry (after 24 hours of drying at the temperature of 105°).
As always two transects were identical in terms of regeneration systems, the data are summarized and the results given are the average transformed in number of seedlings per hectare.
The seedling age was followed in the three categories: -this year seedlings, -last year seedlings, -more than two years old seedlings.
It was not always possible to indicate the age of older seedling when they were damaged by grazing and that is why the third age category is so broad.
There were in total 14 different species found on the transects. Damage was also recorded when measurements were done on transects.
Height increments were measured for each investigated period and standard deviations were calculated during data processing. The differences in the measured data were compared by F-test and t-test.
The mature tree crown cover was investigated on all transects. The crown of each tree was measured in 8 different directions and the crown area was calculated. An overlapping of the crown areas was taken into account. The year 1998 and 2000 were a good seed years for all species, namely for beech.
RESULTS AND DISCUSSION
The first stand A (transects No. 1-4) has rather low quality, i.e. acid beech and oak site with nearly pure beech stand (3K1, management unit 436) on a slope of south-east exposition. The second stand B is of the same site type (3K1) with the main species Norway spruce mixed with European beech, Scots pine and European larch (management unit 431). The stand is also on a moderate slope of north-west exposition.
Natural regeneration on clear cut areas is given in Tables  1 and 2 .
The missing one year seedlings in the year 1999 in stand A (Table 1) are most probably the result of heavy weed competition on the clear cut area while in stand B the weed competition was not so harmful for seedlings. The rich seed crop of the next year (mainly beech nuts) is demonstrated by an increase of new seedlings on research plots. The data also shows the high density of natural regeneration even for the years with low seed crops when all living seedlings are counted (50,000 or 37,000). The year after seed crops means double population density in the cases of stand B.
Interesting data on the survival of seedlings during vegetation periods and during winter are given in Tables 3  and 4 .
The data shows that the critical period for seedling survival is the first vegetation period when the rate ranges between 33.3% to 74.1% for stand A and B, respectively. The older plants have a much higher chance to survive. This is true even for the winter period, when the percentage survival is from 88% to 100% (on average) for stands A and B, respectively. The results of the data given in Tables 3 and 4 show that the seedlings that survive the first year have a high chance to survive for a much longer period. The important fact that must be kept in mind is the clear cut area is fenced and thus game grazing is minimized.
Tables 5 and 6 below show the data on natural regeneration at the stand edge.
Both Tables 5 and 6 show large differences in seedling growth depending on the seed crops. While in the first year there were hardly any new seedlings, in the next year there were some ten thousands in the spring. The survival of seedlings is shown in Tables 7 and 8. -With the exception of the year 1999 in stand B where only few seedlings were growing and thus the data are not statistically sound, the survival of the first year seedlings is rather low (37% or 46.5%, respectively). If the seedlings survived the first year, then their probability to survive is much higher (73-97%). It could be concluded again the most critical was the first vegetation period until the root system of young seedlings reached the mineral soil. Tables 9 and 10 give the information on natural regeneration under dense stand.
There is a clear difference between the open or edge area and the closed stand. While the first cases have more than 50,000 seedlings per hectare, under closed stand are "only" from 5,000 to 25,000 seedlings per hectare.
Seedling survivals are given in Tables 11 and 12 .
There are not so large differences between the survival rate of one year seedlings and the older plants, as it is pronounced for clear cut area. It means the lower density at the beginning is compensated by a high survival in the next vegetation periods.
Finally, the data on the situation in a shelterwood system are given in Table 13 .
The rich seed crop is documented by the data again. The main difference between the shelterwood system and clear cut system is the high seedling survival after the first year. The high seedling survival results in a high number of seedlings in the shelterwood system, in our case from 240,000 to 333,000 per hectare. Seedling density is significantly higher in the shelterwood system than in any other regeneration system in this study.
Seedling survival in the shelterwood system is given in Table 14 .
Seedling survival is clearly significantly higher for the shelterwood system as follows from Table 14 . An exception was the vegetation period 2000, when the survival rate amounted to 65.7% only. But one has to keep in mind that the high spring seedling density resulting from the rich seed crop in 1999 started much earlier before the competition reduced the one-year seedling population. The total seedling survival is satisfactory as it is about 90% on average. One year 0 0 3,500 2,500
Two year 9,500 5,500 0 0
Three and older 0 0 5,000 3,500 Total 9,500 5,500 8,500 6,000 Fig. 1 shows clear differences in densities of germinating seedlings in spring. The most preferable is the shelterwood system that creates on average more than 50,000 seedlings per hectare while the stand interior is worse for germination. Clear cut area and stand edge are basically the same in terms of seed germination.
The difference between different microclimatic types in terms of total seedlings in spring is much more pronounced (see Fig. 2 ). While the total number of seedlings per hectare on the clear cut area is about 70,000 seedlings and nearly the same density is on the stand edge, the seedling number on the shelterwood cut area is four times higher (about 300,000 seedlings per ha). The number of seedlings in the stand interior is lower than it could be expected.
The species composition of natural regeneration is strongly influenced by the species composition of mature stand. Beech is the main species in stand A both in mature stand and in natural regeneration but on the clear cut area there are also pioneer species such as birch and aspen. There are no significant differences in seedling survival for the different species in these early stages in the whole Tables 19 and 20) .
The results are not such as they could be expected. In the first year damage on the fenced clear cut area is smaller but not significantly, in the next year the results are just opposite when a rich seedling crop was present. The total average of undamaged seedlings is even higher (78%) on the unfenced clear cut area (stand A) than on the fenced clear cut area (stand B) where the average is 74.4%. Table 21shows damage in the shelterwood system (stand B). The seedlings are highly damaged by grazing on the shelterwood area where about a half of the seedlings are damaged. Even the seedling density is high, the question is how the natural regeneration could sustain the high pressure of grazing. The damage is much higher than on the clear cut area (Table 20) , which is probably influenced by game ethology (roe deer preferred covered area to the open clear cut area).
A part of research was to investigate if there are any differences in dry biomass of seedlings growing on the clear cut area, i.e. in full sunshine, and in shelterwood, i.e. as shade tolerant species. Tables 22 and 23 give the data on ground and aboveground dry biomass for seedlings in different microclimate.
Significant differences are in the root system of one year seedlings (see Table 22 ). One year seedlings on the clear cut area under full sunshine conditions have significantly higher (nearly twice) root biomass than seedlings growing in shade. A similar situation is likely for aboveground biomass but the differences are not significant. Table 23 gives the data on older (more than two years) seedlings.
The older seedlings are significantly different both in aboveground and ground biomass. The most robust are seedlings on the clear cut area, i.e. in full sunshine conditions, the smallest seedlings are in the shelterwood regeneration system, i.e. growing in shade conditions.
CONCLUSIONS
Natural regeneration in forest areas with low precipitation sum in the vegetation period is not very often successful. This study investigated the development of natural regeneration from the very beginning in such a dry area. The altitude of research area is 250 m above sea level, the long-term average annual temperature is 8.4°C but very often it is above 10°C (for the year 1999 it was 10.2°C). The long-term average precipitation sum is 441 mm per year but very often the precipitation is even lower (for the year 1999 it was 428 mm per year). The vegetation period has the average temperature 16°C and the average precipitation is only 250 mm. The original forest species composition was mainly oak (45%) followed by beech (35%) with some pine (9%) and white fir (5%). The actual species composition is made by Scots pine (60%) or Norway spruce with mixed broadleaves species (oak, beech, lime, hornbeam, etc.) .
The results show the seed crop even in not rich years gives enough seed enabling natural regeneration. Germination is successful giving 15,000 new seedlings per hectare in the spring with low seed crop while in the rich seed crop year the number of new seedlings per hectare easily exceeds 50,000 on clear cut areas. Nearly the same amounts could be found at the stand edge or on shelterwood areas which seems to be slightly the most rich in terms of new germinated seedlings in spring. The total amount of all seedlings is much higher when accounted older seedlings together. The total amount ranges from 50,000 to 300,000 seedlings per hectare. These amounts exceed the tree number planted in artificial regeneration and the amount requested by Czech forest regulations many times.
The first year of seedlings is the most critical one for their future existence. A survival rate for the first year seedlings at the beginning (in spring) is rather low (33-37%) on the clear cut area while it is higher on the protected area (stand interior and shelterwood area have the survival rate of 66-92%). When seedlings survive the first vegetation period, their probability of longer existence substantially increases. Their survival rate in winter time is surprisingly higher than in spring. The next year when their root system is established, their survival is quite high (50-100%). There is no basic difference in older seedling survival at different microclimate sites, i.e. between clear cut area, stand interior or shelterwood area. As a result of these processes, the total number of seedlings is much higher on shelterwood area than on clear cut or stand edge areas. The stand interior has the lowest amount of seedlings if compared with clear cut, stand edge or shelterwood areas.
The most damaged seedlings are on shelterwood areas by game grazing. It is the result of game ethology when the animals prefer covered areas with rich supply of plants for grazing.
The microclimate conditions clearly influenced the seedling growth. The biomass of one year seedlings was statistically significantly different for seedlings from clear cut area and shelterwood area. The seedlings from the clear cut area have significantly higher biomass both in aboveground parts of plant and in the root system as well. The results are the same for older plants when seedlings from clear cut areas keep the advantages in terms of dry biomass both in aboveground and ground parts. Výsledky šetření v oblasti Žatecka potvrdily, že i v semiaridních oblastech lze dosáhnout dostatečné přirozené obnovy lesa s takovou hustotou semenáčků, která dává předpoklady pro vytvoření následného porostu. To platí zejména pro roky s poměrně vyšší úrodou semen. Nejkritičtější je první vegetační období, během kterého se počet vyklíčených semenáčků nejvíce redukuje. Pokud přežijí semenáčky první rok, je jejich naděje na přežití poměrně vysoká. Studie potvrdila signifikantní rozdíly v hmotnosti biomasy semenáčků rostoucích na otevřené ploše a pod mateřským porostem.
